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Objetivos: Avaliar os sinais e sintomas das disfunções temporomandibulares (DTM), a dor 
crônica, a depressão, assim como também avaliar a função muscular dos masseteres e do 
temporal na mastigação habitual. Todas estas variáveis foram analisadas pré e após cinco anos 
da cirurgia ortognática. Materiais: Foi utilizado o questionário RDC (reseach diagnostic 
Criteria), para avaliar e classificar o tipo de disfunção temporomandibular (DTM), assim como 
para observar o grau de dor crônica e depressão (eixo II), para a análise dos sinais e sintomas 
das DTMs foi utilizado o eixo I do RDC. Na análise do ciclo mastigatório foi utilizado o 
eletromiógráfo Myosystem I e software Myosystem BRI, versão 2.52 (DataHominis 
Tecnologia Ltda). Os músculos avaliados foram a parte anterior do temporal e a parte 
superficial do masseter de ambos os lados. O comportamento muscular foi avaliado em cinco 
períodos: pré-cirurgia 2-3 meses (T0); Pós-cirurgia 6 meses (T1), 12 meses (T2), 24 meses (T3) 
e 60 meses (T4). Resultados: A dor crônica e a depressão apresentaram melhoras após 5 anos 
do tratamento cirúrgico. Em relação às outras variáveis analisadas, observamos, que após 12, 
24 e 60 meses da cirurgia, existe um aumento do tempo e do instante máximo da atividade do 
ciclo mastigatório. O RMS apresenta o sinal eletromiográfico mais estável após cinco anos do 
tratamento cirúrgico. Conclusão: A cirurgia ortognatica não é tratamento para as disfunções 
temporomandibulares. O ciclo mastigatório mostra melhoras no sinal eletromiográfico para 














Objectives: To evaluate the signs and symptoms of temporomandibular disorders, chronic pain, 
depression, as well as evaluate the muscle function of the masseter and temporal in mastication. 
All these variables were analyzed before and five years after orthognathic surgery. Materials: 
RDC (reseach diagnostic Criteria) questionnaire was used to assess and classify the type of 
temporomandibular disorders ( TMD ) , as well as to observe the degree of chronic pain and 
depression ( axis II ) , for the analysis of the signs and symptoms of the TMD axis I RDC was 
used . In the analysis of the masticatory cycle Myosystem I electromyography and software 
Myosystem BRI , version 2.52 ( DataHominis Technology Ltd. ) was used . The muscles tested 
were the anterior part of the temporal and superficial part of the masseter muscle on both sides . 
Muscle performance was evaluated in five periods : pre - surgery 2-3 months ( T0 ), 6 months 
post- surgery ( T1 ) , 12 months ( T2 ) , 24 months ( T3 ) and 60 months ( T4 ) . Results: 
Chronic pain and depression showed improvement after 5 years of surgical treatment . 
Regarding the other variables, we observe that 12, 24 and 60 months after surgery , there is an 
increase in the time and the maximum moment of the masticatory cycle activity. The RMS has 
the most stable EMG signal after five years of surgical treatment Conclusion: Orthognathic 
surgery is no treatment for temporomandibular disorders . The masticatory cycle shows 
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O prognatismo é caracterizado pelo desenvolvimento excessivo mandibular e/ou 
hipoplasia maxilar, cuja deformidade pode ocasionar comprometimentos tanto estéticos 
quanto funcionais (Duque 2002, Sforza 2008, Takeda 2009). Em geral, as tentativas de 
correção são realizadas desde a infância por meio de intervenções ortopédicas e/ou 
ortodônticas. Essas intervenções são longas e, nos casos de insucesso, cirurgias ortognáticas 
são indicadas para o reposicionamento esquelético da mandíbula em relação à maxila.  Os 
pacientes com prognatismo mandibular submetidos a tratamentos ortodôntico e ou cirúrgicos 
podem ou não apresentar disfunções temporomandibulares (DTMs). Esta patologia pode ser 
desencadeada por processos multifatoriais relacionados à combinação de desequilíbrios entre 
fatores neuromusculares, psicológicos e anatômicos (Steenks & Wijer, 1996). Dentre estes 
fatores, pode-se citar a disfunção da musculatura mastigatória como fatores etiológicos 
amplamente discutidos na literatura (Rodrigues et al, 2000; Pedroni et al., 2003; Issa et al., 
2005). O sistema mastigatório é um elemento regulador ou perturbador do sistema postural, 
assim o desequilíbrio induzido por uma disfunção mastigatória pode levar a uma 
descompensação do sistema estomatognatico (Bricot, 1999). Nos músculos da mastigação, 
sobretudo no músculo temporal e no músculo masseter, estão presentes numerosos receptores 
responsáveis pela condução de informações para áreas centrais que interferem no equilíbrio 
postural do sistema estomatognatico (Ghessa et al., 2002). Através destes conceitos 
observamos a íntima relação entre músculos, ossos, dentes, artérias, nervos que fazem em 
conjunto um sistema, como, o sistema estomatognático, que quando desequilibrado pode 
ocasionar doenças em outros sistemas do corpo, porem é necessário entender e observar os 
mecanismos e alterações físicas, biomecânicos e até psicológicos que  a cirurgia ortognática 
pode ocasionar neste tipo de pacientes.  
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Acreditamos que é importante pesquisar as alterações causadas por este tipo de 
tratamento invasivo ao longo do tempo, já que pesquisas longitudinais são poucas na 
literatura pelo grau de dificuldade que estas apresentam. Os objetivos deste trabalho 
serão apresentados na forma de dois capítulos.  
Esta tese está baseada na Resolução CCPG UNICAMP/002/06 que regulamenta 
o formato alternativo para teses de Mestrado e Doutorado e permite à inserção de 
artigos científicos de autoria ou co-autoria do candidato, já publicados ou submetidos 
em periódicos científicos ou anais de congressos sujeitos a arbitragem. 
Por se tratar de pesquisa envolvendo seres humanos, o projeto de pesquisa deste 
trabalho foi submetido e aprovado pelo Comitê de Ética em Pesquisa da Faculdade de 
Odontologia de Piracicaba, tendo sido aprovado (Anexo 1). Sendo assim, esta tese é 































Evaluation of Temporomandibular Disorders, Chronic pain and Depression, 
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ABSTRACT  
Aims: This five-year study aimed to evaluate changes in the signs and symptoms of 
temporomandibular joint dysfunction, as well as the presence of chronic pain and 
depression in subjects with mandibular prognathism treated with orthognathic surgery 
(OS). Methods: Twenty patients with mandibular prognathism aged between 18 and 36 
years (23.3 ± 8.2 years) were evaluated using research diagnostic criteria for 
temporomandibular dysfunction (RDC/TMD). Axis I of the RDC/TMD was applied 2-3 
months before surgery (T0) and at the following time points post-surgery: 6 months 
(T1), 12 months (T2), 24 months (T3), and 60 months (T4). For axis II, only T0, T3, 
and T4 were applicable. Results: Significant changes were observed in joint noise [T1 
(p=0.0020) and T4 (p=0.0044)], muscle pain [T2 (p=0.01), T3 (p=0.0022), and T4 
(p=0.0433)], deviation in mouth opening [T1 (p=0.0002), T2 (p=0.0009), T3 
(p=0.0004), and T4 (p=0.0004)], amplitude of mouth opening [reduced only in T1 
(p=0.0001)], chronic pain [T3 (p=0.0138) and T4 (p=0.0045)], and depression [T4 
(p=0.0139)]. The changes showed a strong relationship between chronic pain and 
temporomandibular joint dysfunction (p=0.0030) and between chronic pain and 
depression (p=0.0230) before orthognathic surgery. After surgery, there was no 
association between these variables. Conclusion: There were reductions in chronic pain 
and depression post OS, which were evident five years after treatment. 
 
Key-words: Temporomandibular disorders; cronic pain, depression, orthognathic 





The face and mouth are primary structures necessary for survival; without them, 
an individual is not able to eat or communicate. When these structures are threatened by 
pain or dysfunction, quality of life can be greatly decreased.
1
 These problems are 
observed in subjects with mandibular prognathism, who have a dentofacial deformity 
(asymmetric growth of the maxilla and mandible) and, consequently, a disconformity in 
their physical appearance (body image). This disproportion growth can cause changes in 
occlusal biomechanics and in the temporomandibular joint, consequently resulting in 
other symptoms, such as anxiety, pain, and depression.
2 
Temporomandibular joint dysfunction (TMD) is a term given to a set of clinical 
problems involving the masticatory muscles, the temporomandibular joint, or both. 
Psychological problems may also be associated with TMD.
3 
The signs and symptoms of TMD have been investigated in patients with 
mandibular prognathism submitted to orthognathic surgery (OS), with this pathology 
reported in 41-88% of such individuals,
4,5
 but there have been few studies on the 
emotional and psychological factors associated with TMD in patients with mandibular 
prognathism.
6 
Studies have used different types of tools to assess the signs and symptoms of 





 or no changes
4,10
, as well as positive
11
 and negative changes in the 
emotional and psychological aspects of the disorder. The differences found between the 
studies may be due to the small sample sizes used, as well as the variability in surgical 
techniques, time of post-surgical evaluation, and assessment instruments used. 
This study used the Research Diagnostic Criteria for Temporomandibular 
Disorders (RDC/TMD) Axis I and II questionnaire, which is considered the gold 
5 
 
standard in TMD evaluation.
12
 An important aspect of this questionnaire is that it 
provides information on the biopsychosocial conditions of patients. The biological 
aspects are evaluated through Axis I of the RDC/TMD, reflecting the nociceptive 
impulses originating in the somatic tissues. The psychosocial aspects of pain are 
evaluated on Axis II of the RDC/TMD, reflecting the interaction among the thalamus, 
cortex, and limbic structures.
1
  
The term chronic pain is used to describe any pain that lasts more than six 
months, regardless of origin. 
1, 13, 14 
Mladenovic et al.
 6 
studied subjects with mandibular 
prognathism and found that some patients suffered chronic pain, regardless of whether 
they underwent OS, and that more women than men suffer from this disorder.  
Depressive disorders are characterized by a sharp decrease in interest or pleasure 
in things; feelings of sadness or emptiness; and uncontrollable crying, fatigue, tiredness, 





 evaluated patients with mandibular prognathism 
six months after OS and found high levels of depression; however, studies
11,16
 that 
evaluated patients two or more years after OS found psychological improvements.   
Knowing that psychological aspects, such as depression, are associated with pain 
and TMD
6,17
 is important for understanding the development of all these factors in 
subjects with dentofacial deformities, such as mandibular prognathism, submitted to 
invasive treatments such as OS. Furthermore, it is believed that these features must be 
studied longitudinally.  
Therefore, this study aimed to evaluate the possible five-year changes in the 
signs and symptoms of TMD, as well as evaluate the presence of chronic pain and 




MATERIALS AND METHODS 
 
Twenty patients with mandibular prognathism (11 males and 9 females) agreed 
to be part of this study. All sought treatment during 2008 for painful and aesthetic 
discomfort at Piracicaba Dental School, University of Campinas, Piracicaba, SP, Brazil. 
These patients were aged between 18 and 36 years (23.3 ± 8.2 years) and underwent 
OS. Each patient received orthodontic treatment for an average of 19.8 months (± 7.5) 
pre-OS and for an average of 10.55 months (± 3.8) after OS. This research protocol was 
approved by the Ethics Committee of Piracicaba Dental School, and all patients signed 
an informed consent form.  
 
Exclusion criteria were as follows: class I patients, angle class II patients, 
patients with open bite, patients partially or completely edentulous, patients with a 
history of facial trauma, and patients who were taking painkillers, anti-inflammatories, 
muscle relaxants, or antidepressants. All women were evaluated on the eighth day of 
their menstrual cycle to prevent hormonal changes from altering the results, as 
hormonal fluctuations may be responsible for the onset of or increase in physical 
symptoms, as well as for the onset of psychiatric
17,18
 and emotional disorders, which can 
affect the tone of the mastication muscles and occlusal forces.
19 
The diagnosis of mandibular protrusion was made based on cephalometric 
radiographs, following the guidelines of Arnett & Bergman (Sant’Ana et al, 2009).
20
  
The presence of TMD and the biopsychosocial aspects of patients were 
evaluated by the RDC/TMD (Axis I and Axis II).
12
 Axis I was applied at the following 
times: before surgery, 2-3 months (T0); and post-surgery, 6 months (T1), 12 months 
(T2), 24 months (T3), and 60 months (T4). Axis II was applied at times T0, T3, and T4 
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(figure 1). These periods are relevant to psychosocial analysis; therefore, assessments 
prior to 24 months post-OS, may interfere with the psychological results for the 
patient.
21,22
 All evaluations were performed by a single examiner (dentist) trained 
following the guidelines of Dworkin & Leresche (1992).
12
 The procedure was 
performed by a single trained evaluator (kappa=0.80). 
Application of Axis I 
Signs and symptoms of TMD 
 Briefly, issues related to the pattern of mouth opening, mandibular movements, joint 
noises, laterality and noises associated with laterality, and muscle and joint pain were 
evaluated. All these issues were analyzed by physical measurements as well as a 
palpation exam.
12
 These characteristics reveal information that is divided into three 
diagnostic categories:  
I- Masticatory muscle disorders, subclassified based on the limitation of mouth 
opening as myofascial pain (IA) and myofascial pain with limited opening (IB). 
II- Disc displacement (DD), subclassified based on the disc reduction and the limitation 
of mouth opening as DD with reduction (IIA), DD without reduction and limited 
mouth opening (IIB), and DD without reduction and without limited mouth opening 
(IIC). 
III-  Degenerative diseases, subclassified as arthralgia (IIIA), osteoarthritis (IIIB), and 
osteoarthritis (IIIC). 
These diagnostics are individual to the right and left temporomandibular joint, and 







Application of Axis II 
Psychosocial factors (chronic pain and depression) 
Briefly, Axis II of the RDC/TMD was used to assess psychosocial factors. This 
axis relies on self-reporting of pain and the patient's emotional state. It includes the 
chronic pain scale
24
 and measures of depression and somatization.
12
 In this study, 
somatization was not considered because most of the patients did not feel comfortable 
answering the related questions.  
The degree of chronic pain includes measures that indicate the type of pain, pain 
intensity, and how the pain interferes with daily life, and it is divided into five 
categories: 1 - TMD with no pain in the last 6 months (grade 0), 2 – low-intensity pain 
(grade I), 3 – high-intensity pain (grade II); 4 – high-intensity pain with moderate 
limitation (grade III), 5 – high-intensity pain with severe limitation (grade IV).  
The assessment of depression includes 20 of the 32 questions of Axis II that are 
related to loss of sexual interest; lack of energy; tearfulness; feelings of guilt; feelings of 
loneliness; feelings of sadness; worries; thoughts of death, deceit, and guilt; and 
insomnia.
12, 25, 26, 27
  
Surgical procedures  
Six patients underwent a mandibular setback, bilateral sagittal ramus osteotomy; 
a Lefort I osteotomy was performed to advance the maxilla in four patients; and ten 
patients received a combination of these two treatments.  
The occlusion was obtained using a surgical guide (a thin plate of acrylic). L-
shaped titanium plates combined with titanium screws were used for the fixation of the 
mandible cortical bone. In this study, no patients received wire fixation. 
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Statistical analysis  
The analysis of variance for multiple comparisons with the Tukey-Kramer test 
was used to evaluate the biopsychosocial factors (TMD signs and symptoms, chronic 
pain, and depression). To compare the qualitative measures (TMD subtypes), the chi-
square test was used. To analyze the association of three variables (TMD, chronic pain, 
and depression) in different periods, the chi-square test was again used. The analyses 
were performed using SAS System 9.1 (SAS Institute, Inc., Cary, NC), and a 
significance level of 5% (p<0.05) was used for all the procedures. 
RESULTS 
Axis I 
Signs and symptoms of TMD 
The results obtained in this study showed that, before OS, 14 (70%) of the 
patients had TMJ clicking, and after OS, there was a significant reduction at T1 
(p=0.0020) and T4 (p=0.0044). At T0, 12 patients (60%) had muscle pain on palpation, 
which was significantly reduced at T2 (p=0.01), T3 (p=0.0022), and T4 (p=0.0433). 
Although there was a decrease in joint pain at all-time points post-OS, it was not 
statistically significant. Seventeen (85%) of the 20 patients presented a deviated 
opening pattern at T0; after surgery, deviation was corrected at all-time points [T1 
(p=0.0002), and T2 (p=0.0009), T3 (p=0.0004), and T4 (p=0.0004)]. The mouth 
opening was significantly reduced only at T1 (p=0.0001). When quantified, the set of all 
parameters of the RDC/TMD defining the presence of TMD were observed in 13 
patients before OS, and 12 patients showed TMD after OS. However, these findings 
were not significant (Table 1). 
Regarding the TMD classification, the data indicated that before OS, 35% (7 
patients) of the patients were not diagnosed with TMD, and 65% (13 patients) were 
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diagnosed with some type of TMD. At T3 and T4, there were changes in the 
classification of the subtypes of TMD, but they were not significant. The most common 
type of TMD before and after OS was IIA (35%) (Figure 2).  
Axis II 
Psychosocial factors (chronic pain and depression) 
The results showed that 60% of the patients showed some grade of chronic pain 
in the initial evaluations. A significant decrease in chronic pain was recorded at T3 and 
T4 (p=0.0138 and p=0.0045, respectively). Grade I was diagnosed in the most patients 
(T0=25%, T3=30%, and T4=25%); grade II was observed at T0 (20%), T3 (10%), and 
T4 (5%); and grade III was observed only at T0 (Table 2).  
Regarding the degree of depression according to Axis II of the RDC/TMD, at 
the initial examinations, 50% (10) of the patients showed some grade of depression; at 
T4, the patients continued to show moderate (10%) or severe (5%) depression. When T0 
was compared with T4, a significant difference in depression was observed (p=0.0139). 
The most common form of depression at the beginning and end of the evaluations was 
moderate (Table 3).  
The chi-square test revealed that there was a strong correlation between chronic pain 
and TMD (p=0.0030) and between chronic pain and depression (p=0.0230) before OS. 
It further revealed that there was no association between TMD and chronic pain or 










Signs and symptoms of TMD 
 The results showed positive and significant changes in the signs and symptoms 
of TMD evaluated before and after OS, with a significant decrease in joint noises at T1 
(30%) and T4 (20%). The results suggest that the relationship between the condyle and 





 evaluated patients undergoing OS with wire 
fixation and found that these symptoms were maintained or increased; orthognathic 
surgery with fixation reduces movement; moreover, the decrease in proprioceptive 
stimuli at the dental surfaces and temporomandibular joint that provide information to 
the CNS regarding the new intraoral space and new mandibular position, as well as the 
new muscle biomechanics, causes a slower adaptation, which can increase some of the 
signs and symptoms of TMD. This study also showed a significant decrease in painful 
symptoms
6
 during the palpation of muscles at T2, T3, and T4. Other studies
7, 8 
also 
found a significant decrease in muscle pain 12 months or more after OS. Onizawa et 
al.
28
 found no decrease in painful symptoms, but this observation probably occurred 





six months is not enough time to develop stability and improve 
postural occlusion. Additionally, after OS, patients continue orthodontic treatment for 
an average of 10 to 13 months, which can also influence the soreness of muscles.  
Regarding deviations in the opening and closing of the mandible, there was a 
significant reduction in all patients after OS, most likely due to the better 
proportionality between the maxilla and mandible provided by the OS. However, 30% 
of the patients still showed deviations in the opening and closing of the mouth at the end 
12 
 
of the study, suggesting the presence of some muscle or joint imbalance, although the 
patients had an occlusion within the parameters of normality (class I) after the OS. The 
occlusal balance is more complex than it seems, as class I patients do not necessarily 
have occlusal balance
31
 and patients with a dentoskeletal deformity do not always have 
a full imbalance, i.e., the signs and symptoms of TMD appear to be independent of this 
condition.   
 
A significant decrease in the amplitude of mouth opening was observed at T1, 
which indicates that the possible tissue trauma caused by OS can remain 6 months after 
treatment and that the decreased amplitude of mouth opening may be associated with a 
neuromuscular protection mechanism
32
. The amplitude of mouth opening is recovered 
over time, as noted in the assessments made at T2, T3, and T4 in the present study, 
demonstrating positive signs of new musculoskeletal biomechanics, as also observed by 
Dervis and Tuncer 
8
. 
In this longitudinal study, it was observed that the TMD symptoms present 
before OS remained present and did not show any significant change over time after 
OS. These results indicate that OS can relieve some signs and symptoms of TMD 
4,6,7,8
 
but should not be the only treatment for this condition. This condition is complicated 
and requires better understanding of the anatomy, physiology, and biomechanics of the 
TMJ in relation to the skull bones, muscles, teeth, and whole-body posture.  
According to the RDC/TMD, the most frequent subtype of TMD patients in this 
study was IIA, followed by IA, IB, and combined TMD. After 60 months, there were no 
significant changes in the TMD subtype distribution. This lack of change was most 
likely due to the small number of patients evaluated. It is known that the frequency of 
disc displacements with reduction in patients with mandibular prognathism is caused by 
13 
 
biomechanical factors that generate an occlusal imbalance that can cause asymmetry in 
opening and closing of the mouth, mastication, and swallowing. Previous findings 
4, 6, 33
 
also demonstrated the presence of different subtypes of TMD in patients with 
mandibular prognathism who underwent OS. 
 
Axis II 
Psychosocial factors (chronic pain and depression) 
In this study, a significant decrease in the level of chronic pain 60 months after 
OS was observed, which can be attributed to two factors. First, there is a change in the 
nociceptive and proprioceptive information, as this information is captured by the new 
occlusal tooth contact position, which conveys different proprioceptive and nociceptive 
interpretations
1
 to the higher centers (thalamus, cortex, limbic system, and reticular 
substance), where the changes are interpreted, forming new circuits of afferent and 
efferent information (Figure 3). The second factor is psychological and is associated 
with the unusual emotional meaning of the face and mouth with respect to concepts of 
self-image
1
. Distortion in self-image can be expressed as pain
34
. Physical appearance 
(new facial image) is a factor that positively affects patients; thus, the changes in 
psychosocial characteristics, image, emotional status, and interpersonal and social 





Chronic pain is not only caused by tissue injury or functional factors but also by 
the interaction of cognitive, emotional, motivational, behavioral, and physical 
components 
1, 36
. Thus, it can be understood that patients with dentofacial deformities 
may present psychological factors that relate to the constant pain that these patients feel, 
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regardless of whether the pain is caused by depressive factors related to their facial 
image
34
, as pain, depression, and learning image are interpreted in common structures 
that interrelate at the level of the cerebral cortex. Other researchers 
37, 38
 concluded that 
the presence of depression and pain suggests an association between depression and 
some chronic pain conditions. 
 
In the depression evaluation, it was observed that 45% of the patients had 
moderate depression before OS and that only 10% continued to experience moderate 
depression after OS. This significant decrease in depression can be attributed to a 
change in the self-perception of image. The observation and recognition of changes in 
our image after any surgery initiates changes in neural mechanisms because the new 
information is carried from the retina by neural mechanisms that provide the 
information on the new facial image to the thalamus (lateral geniculate nucleus) and 
transmit it to the primary visual cortex. This new image is stored in the cortex (posterior 
parietal side), which is interrelated with the amygdala, responsible for integrating 
sensory information with behavioral and physiological responses
39, 40
. Understanding 
this interaction, we can assume that the change in self-image perception can influence 
the neural networks that modulate emotions, which may have occurred in some of the 
volunteers in this study, whereby the perception of the new image influenced the 
emotional state of the patient and, consequently, his/her depressive state was improved. 
Other studies 
11, 16, 35, 41 
also show positive psychosocial changes generated by the 
physical appearance of patients after surgical treatments.  
OS is usually sought by patients who want to change their physical appearance 
(facial image) 
11, 42
; however, for the treatment to be successful, it is necessary to 
evaluate all the signs and symptoms presented by these patients. At the end of this 
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study, 30% of the patients continued to suffer from chronic pain, and 15% continued to 
suffer from depression, which could be because these patients may have atypical pain 
and other mental symptoms requiring further treatment. 
This study possesses some limitations commonly found in longitudinal studies, 
such as the small number of patients and the disproportionality between genders. We 
suggest future longitudinal studies of patients with other dentofacial deformities, with 
the application of validated questionnaires on chronic pain and depression related to the 
facial image, as well as the study of neurophysiological mechanisms. 
 
CONCLUSIONS 
- Patients with some type of TMD before surgery still exhibit this type of 
dysfunction five years after surgical treatment. 
- OS may improve some signs and symptoms of TMD, but it is not a treatment for 
this disease. 
- There was a reduction in chronic pain and depression after OS, which was 
evident five years after treatment. 
- It is necessary to observe the psychological conditions related to pain and 
depression of a patient before initiating any treatment, especially before OS, 
which is an invasive treatment that generates physical changes in the patient. 
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Table 1: Comparison of TMD signs and symptoms (Axis I) between baseline (T0) and 
each post-surgery time point (T1, T2, T3, and T4).  
 












TMJ clicking 14 (70) 6 (30)* 13 (65) 9 (45) 4 (20)* 
Muscle pain on palpation 12 (60) 10 (50) 5(25)* 4 (20)* 2 (10)* 
TMJ pain on palpation  6 (30) 7 (33) 2(10)
 
2 (10) 2 (14) 
Deviation in mouth opening
 
17 (85) 7 (35)* 7(35)* 6 (30)* 6(30)* 
Measure of mouth opening 50.48 mm 38.6 mm* 50.01 mm 51.04 mm 48 mm 
TMD 13 (62) -------- ------ 12(57) 12(57) 
T0 = 2-3 months before OS, T1 = 6 months after OS, T2 = 12 months after OS, T3 = 24 










Figure 2: Variation and frequency distribution of the sub-types of TMD (Axis I) at 




N=absence of TMD, IA=myofascial pain, T=two types of TMD [in this study (IA+ 

















Table 2: Comparison of chronic pain (according to Axis II) in patients with mandibular 
prognathism before (T0) and after (T3 and T4) orthognathic surgery. 







Grade 0 8(40) 12(60) 14(70) 
Grade I 5(25) 6(30) 5(25) 
Grade II 4(20) 2(10) 1(5) 
Grade III  3(15) 0 0 
Grade IV  0 0 0 
 Grade 0 = No TMD pain in the last six months; Grade I = Low disability, low intensity 
of pain; Grade II = Low disability, high intensity of pain; Grade III = High disability, 
moderately limiting; Grade IV = High disability, severely limiting. 
*p<0.05, when comparing T0 with T3 and T0 with T4. 
 
 
Table 3: Depression (according to Axis II) in patients with mandibular prognathism 
before (T0) and after (T3 and T4) orthognathic surgery. 
Depression 
T0         
n(%) 
T3         
n(%) 
T4 *      
n(%) 
Normal 10 (50) 16 (80) 17 (85) 
Moderate 9 (45) 3 (15) 2 (10) 
Severe 1 (5) 1 (5) 1 (5) 














T0 0.0030* 0.0230 * 0.1596 
T3 0.306 0.2347 0.0679 
T4 0.697 0.2026 0.1250 
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ABSTRACT  
The objective of this study was to assess the electromyographic characteristics (EMG) 
of the masticatory cycle before and five years after orthognathic surgery in volunteers 
with mandibular prognathism, assessing three variables: duration of masticatory cycle 
activity (ON), maximum instant of the activity (IMAX) and RMS (Root mean square). 
Method: a total of 13 male volunteers with prognathism were assessed at 2-3 months 
before surgery (T0), and again at 6 months (T1), 12 months (T2), 24 months (T3) and 
60 months (T4) after surgery. The anterior part of the temporal muscle and superficial 
portion of the masseter muscles were assessed bilaterally. The Shapiro-Wilk test for 
normality was applied. Analysis of variance was performed using the Tukey-Kramer 
test, with a level of significance of 5% p<0.05). Results: all the muscles exhibited an 
increase in duration of activity (ON) after surgery, reaching significance for all muscles 
at 60 months. A percentage increase in IMAX was noted, reaching significance for all 
muscles (p<0.05) at 12, 24 and 60 months after surgery. RMS increased 24 and 60 
months after surgery for the masseter muscles bilaterally and right temporal muscle 
(p<0.05). It was concluded that orthognathic surgery promoted positive changes in the 
masticatory cycle five years after surgical treatment in individuals with mandibular 
prognathism and no temporomandibular dysfunction (TMD). 
 
Key-words: Electromyography; Masticatory cycle; Orthognathic surgery; and 





The morphological alterations resulting from orthognathic surgery can lead to a 
change in muscle behavior, owing to interdependence with the skeletal structure and 
occlusion (1). When this change occurs, it is conducive to mandibular stability and 
surgical success (2) while its absence poses a risk of surgical relapse (3). 
After surgery, besides esthetic improvements, the new skeletal and occlusal condition 
promotes changes in oral functions (4, 5). Thus, surgical success encompasses more 
than dental and skeletal repositioning where the muscles must also adapt to this new 
condition.  
 Of the different oral functions, mastication allows investigation of the patient´s new 
status, given the broad mandibular excursive movements performed. Studies assessing 
mastication and the masticatory cycle using a variety of methods are available but 
results remain conflicting and conclusions disparate (5,7-9). These contradictory data 
may have stemmed from narrow analyses of muscle activity or from poorly 
characterized samples. This activity is generally assessed solely by the amplitude of the 
signal (RMS=Root Mean Square), which reduces the signal to an average (2,7). This 
reduction however, can be insufficient since it obscures key information which 
differentiates the electromyographic signal. 
Another relevant factor to be considered is the use of normalization (10), whose purpose 
is to attenuate interindividual differences, rendering the signal more homogenous. 
Therefore, it follows that assessing alternative variables indicative of muscle profile 
may help avoid some of the above-cited disparities (8, 11).  
In this context, the aim of the present study was to assess the evolution of the 
masticatory cycle over a five-year period in patients submitted to surgical treatment by 
electromyographic analysis of the following variables: duration of masticatory cycle 
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activity (ON), maximum instant of the activity (IMAX) and RMS (Root mean square), 
which may serve as important adjuncts in determining diagnosis after the treatment.  
MATERIAL AND METHODS  
The sample comprised 37 male volunteers with mandibular prognathism who sought 
treatment at the Piracicaba School of Dentistry for esthetic and functional discomfort 
between 2007 and 2008. Of these subjects, 17 were excluded for not meeting the 
inclusion criteria whereas a further 5 refused to take part in the study. Lastly, 2 were 
excluded from the sample during data analysis owing to poor electromyographic signal 
quality, giving a final total of 13 volunteers whose conditions characterized the sample. 
Classification of the individuals for the assessment of skeletal mandibular prognathism 
was performed by cephalometric radiographs, according to the guidelines of Arnett and 
Bergman (12). The Research Diagnostic Criteria RDC / TMD Axis I  questionnaire (13) 
was also applied to check for the presence of temporomandibular disorder (TMD).  
The inclusion criteria for the study were: being of male gender, aged between 18 and 36 
years, presenting no systemic diseases which might influence the diagnosis of TMD 
and/or the electromyographic activity, such as: arthritis, arthrosis, diabetes and 
neurological pathologies, and have no type of temporomandibular disorder (TMD). 
Volunteers with mandibular retrognathism, biprotrusion, missing teeth (partial or total), 
history of facial and TMJ traumas, use of analgesics, anti-inflammatory drugs, 
myorelaxants or antidepressants were also excluded.  
Patients received dental treatment for an average of 19.8 months (± 7.5) before surgery 
and 10.55 months (± 3.8) after surgery. For all volunteers, correction of the skeletal 
deformity was performed using combined osteotomy (Le fort I for advancement of the 
maxilla and bilateral sagittal split osteotomy of the mandibular ramus to reduce the 
lower jaw).   
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The research project was approved by the Research Ethics Committee of the institution 
(CEP)(Protocol no. nº 035/2010). 
Experiment design: 
Muscle behavior was assessed at five different timepoints: 2-3 months before surgery 
(T0); and at 6 months (T1), 12 months (T2), 24 months (T3) and 60 months (T4) after 
surgery. 
Electromyographic Assessment: 
The measurements were acquired on a Myosystem I electromyographic device using 
Myosystem BRI version 2.52 software (DataHominis Tecnologia Ltda), a 12-bit 
resolution signal conditioner with Common Mode Rejection (CMRR) of 112dB @ 60 
Hz and a Myosystem A/D converter, model PCI-DAS 1200 (Prosecon Ltda).   
The electromyographic (EMG) signals from the muscles assessed were acquired using 
active differential surface electrodes, consisting of two parallel silver/silver chloride 
rectangular bars (10x2 mm) spaced 10 mm apart, encased in an acrylic resin housing 
measuring  23 x 21 x 5 mm, manufactured by EMG System do Brasil Ltda.  
For electrode placement, function tests for each of the muscles were first carried out. 
This test entails muscle palpation during simultaneous bilateral mastication and yielded 
the following positioning criteria: superficial part of the masseter muscle – muscle 
body, 2cm above the angle of the mandible; and the anterior portion of the temporal 
muscle body (14,15). A circular stainless steel electrode measuring 3cm in diameter was 
also used, coated with conductive gel and attached to the sternum bone to serve as a 
reference. 
Mastication Assessment: 
In this study, habitual mastication was performed for assessment of the 
electromyographic signal, in an effort to replicate a clinical situation during mastication 
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as accurately as possible (16). A Parafilm M® (American National Can TM Chicago, 
IL.60641) paraffin film, folded 5 times, was employed because this material offers the 
least variability in assessing electromyographic signals (17).  
Mastication was performed for five seconds initially, and the volunteer then instructed 
to place the Parafilm M® onto the tongue and given a verbal prompt to resume normal 
chewing (18). The analysis of the bilateral masticatory cycle was done using the Matlab 
math routine (MathWorks®, Inc. Matlab: The Language of Technical Computing, R13, 
version 6.5. MathWorks®). The masseter muscle is considered the main mastication 
muscle and used as a reference for defining masticatory cycles, with the start of the 
cycle marked by commencement of masseter muscle activity and the end the start of the 
next cycle. This procedure was performed by the same trained evaluator and had a 
Kappa value of 0.80. 
Masticatory cycle analysis: 
1. A sequence of 6 (±1) masticatory cycles was found for all 5-second periods 
performed. These electromyographic signals from habitual mastication were windowed, 
filtered (10-500 Hz band pass filter), rectified and processed on the Myosystem I 
electromyographic device using Myosystem BRI software version 2.52.  
2. During this collection, the initial cycles were rejected for containing high intensity 
activity and likewise the final cycles were rejected owing to the decline in intensities 
characteristic of these phases (19). Thus, a sequence of 4 masticatory cycles was 
selected per individual for all periods. 
3. After determination of the cycles, the signals were submitted to normalization using 
the Matlab program, based on the criteria of maximum and mean electromyographic 
peak during dynamic activity (20,21), in order to obtain the lowest coefficient of 
variability of the signals among the subjects. Normalization by the mean yielded the 
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lowest coefficient of variability for this study. In conjunction with this analysis, the 
variables ON, IMAX and RMS were also assessed.  
ON (ms): This defines the time in which the masseter and temporal muscles are active 
during the masticatory cycle (8). Muscle was considered active when its activity was 
greater than or equal to 20% of its maximum amplitude value (14). (Fig  2a) 
IMAX (%): This is defined as the  instant of maximum activity of the masticatory 
cycle. (Fig. 2b) 
RMS (µv): This represents the square root of the mean of the squares of the current or 




The sample exhibited a normal distribution, according to the Shapiro-Wilk test for 
normality. Comparison of the mean scores of the groups was performed by analysis of 
variance using the Tukey-Kramer test. The analysis was carried out using the BioEstat 
5.0 program and the level of significance used for this procedure was 5% p<0.05). 
 
RESULTS:  
ON exhibited a significant difference (p<0.01) for the left and right temporal muscles 
when comparing pre-surgical (T0) with post-surgical (T2, T3 and T4) timepoints. The 
left masseter showed a significant difference for timepoints T2 and T4 while the right 
masseter was statistically significant for all timepoints (p<0.01). All the muscles 
assessed exhibited an increase in duration (ON) after surgery. 
Results revealed, 6 months after surgical treatment, no significant difference in the 
IMAX variable for any of the muscles assessed.  At 12, 24 and 60 months after surgery, 
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a percentage increase in IMAX was observed that attained significance for all muscles 
assessed (p<0.05).   
 The results showed a significant increase in RMS for the masseter muscle bilaterally 
when comparing T0 against T3 and T4 (p<0.05). This difference was also observed for 
the same timepoints for the right temporal muscle (p<0.05), whereas the left temporal 
muscle showed no significant difference for any of the timepoints (p>0.05).   
DISCUSSION: 
Duration of masticatory cycle (ON): 
 Values for the ON variable were lower before surgery, showing a significant increase 
after surgery across all muscles assessed. These results are similar to the findings of 
Nakaya et al. (23) and of Throckmorton (1), who assessed masticatory cycle duration 
and reported a significant increase in the length of the cycle time. Similarly, Proschel et 
al.(24) reported an increase of 0.2 seconds while Youssef et al. (11) described a rise of 
0.01 seconds in the length of the cycle after orthognathic surgery, minimal differences 
which did not reach significance in either of the studies. This result most likely occurred 
because the respective samples included different types of occlusion, where each tends 
to differ in terms of muscle biomechanics, perhaps masking the true findings. Studies by 
Ingervall et al. (25) and Kobayashi et al. (8) using electromyography reported a 
reduction in masticatory time two years after surgical intervention, contradicting our 
results. This disparity may be because the sample used by these authors failed to 
determine the presence or absence of temporomandibular disorders among the 
volunteers, leading to variations in electromyographic recordings (16) and also included 
both men and women with different malocclusions, important criteria differentiating 
muscle assessment (26). Another discrepant factor in the study by Ingervall et al. (25) 
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was the prolonged intermaxillary fixation after surgery, a determinant for recovery of 
muscle function in lifting and lowering the jaw. 
 In the present study, it is noteworthy that prior to surgery, the verticalized masticatory 
patterns characteristic of malocclusions (27,28) were evident, exhibiting reduced 
horizontal vector and predominant verticality, compensating the interference in the 
anterior zone of the arches. The muscle pattern was found to alter after surgery, showing 
a more symmetrical cycle in which the horizontal vector increased and verticality 
decreased. The increase in the horizontal vector was measured as a function of time, 
showing that the increase in the length of the cycle after surgery approached normal 
levels, where a typical cycle in normal occlusion ranges from 0.6 to 1 second (11, 27). 
Another important factor is the presence of the incisal guide and canine which directs 
the mandible, rendering the masticatory movement more coordinated. This factor, 
together with the elevating muscles of the mandible, allows improved meshing of the 
teeth (molars, pre-molars, canines and finally incisors) lengthening the duration of this 
movement.  
 
Instant of maximum activity of the masticatory cycle (IMAX). 
 Values of less than half the length of the cycle were observed prior to surgery, with 
IMAX values increasing to almost half the length of the masticatory cycle after surgery, 
showing a cycle with symmetric elevation and decrease, suggestive of improvement in 
mastication post surgically. Di palma et al. (6) showed improvement in muscle 
asymmetry after orthognathic surgery, explained by occlusal stability as opposed to 
improved biomechanics of the muscle action resulting from orthognathic surgery. 
However, there is a dearth of specific studies on the assessment of the IMAX variable in 
the related literature. It can be concluded that improvements in both biomechanical and 
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occlusal conditions lead to enhanced distribution of the mechanical stimuli signalling 
the periodontal mechanoreceptors, conveying information to the CNS to regulate  
muscle activity and establish equilibrium of the stomatognathic system over time.  
RMS (Root Mean Square). 
The RMS analysis revealed a general significant reduction in masseter and temporal 
muscle activity at T1 compared with values before surgery. These findings suggest that 
after orthognathic surgery, possible traumas in the tissue remain, and that this reduction 
in activity might be associated to a neuromuscular protective mechanism (29). 
Electromyographic activity increased for all muscles over time, reaching significance 
for the right temporal muscle five years after surgery and for the masseters twelve 
months after surgery. This same behavior was also seen in the studies by Shiratsuchi et 
al. (7); Ellis et al. (30), who concluded that the increase in activity of the muscles in the 
masticatory cycle is a parameter of improvement in function.  
We believe that the increase in EMG activity of the masseter muscle was swifter than 
for the temporal muscle, a phenomenon which may be explained by the change in 
occlusal biomechanics, whereby alterations in occlusion can affect equilibrium and 
consequently impact muscle function (31). In the new occlusal biomechanics after 
surgery, new contact at incisal level was noted which, upon mechanical stimulation 
during mastication evoke neural excitation reflexes directly in the same motor unit of 
the masseter (26,28), augmenting and stabilizing the electromyographic signal. The 
temporal muscle however, is a postural muscle associated with control of mandibular 
movements (32,33), showing more stable results only five years after surgical treatment. 
Therefore, further equilibrium in masticatory function may have occurred beyond this 
period, given the temporal and masseter muscles have a direct relationship with the 
morphofunctional structure of the stomatognathic system.. 
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Several limitations inherent to this study should be pointed out, such as the small 
number of volunteers assessed. Notwithstanding, there is currently a lack of studies 
involving more specific electromyographic variables of the masticatory cycle and 




  Based on these results, it can be concluded that orthognathic surgery promoted 
positive changes in the masticatory cycle five years after surgical treatment in 
individuals with mandibular prognathism and no temporomandibular disorder (TMD). 
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TABLES  
Table 1:  Evaluating ON: Mean (M), Standard desvaition (SD), between baseline (T0) 
and each post-surgery period (T1, T2, T3 and T4). 
DURATION OF MASTICATORY CYCLE ACTIVITY (ON) ms                                        
         LT            RT      LM            RM  
 M SD M SD M SD M SD 










T2 726.07* ±11 688.45* ±14 703.60* ±23 686.47* ±13 
T3 584.82* ±6 551.16* ±8 551.16
ns
 ±4 603.30* ±6 
T4 640.92* ±6 563.70* ±6  661.95*  ±3 645.54* ±8 
LT=Left temporal, RT=Right Temporal, LM=Left maseter, RM=Right maseter, ms= 
milliseconds (1000 ms = 1s), M = mean, SD = standard deviation. T0 = 2-3 months 
before OS, T1 = 6 months after OS, T2 = 12 months after OS, T3 = 24 months after OS, 








TABLE 2: Evaluating IMAX: Mean (M), Standard desvaition (SD), between baseline 
(T0) and each post-surgery period (T1, T2, T3 and T4). 
MAXIMUM INSTANT OF THE ACTIVITY (IMAX) %                                        
 TE  TD  ME  MD  
 M DP M DP M DP M DP 










T2 58,42* ±12 56,04* ±9 56,55* ±14 56,04* ±9 
T3 63,43* ±8 63,23* ±10 55,97* ±7 63,23* ±10 
T4 54,79* ±4 53,86* ±7 53,61* ±10 53,86* ±7 
*p<0.05, quando comparado T0 com T1, T2, T3 e T4. 
GRAPHIC 1: Analysis of RMS. LT = Left Temporal, RT = right temporal, LM = left 
masseter, RM = Right Masseter. 
 






























Figure 2: Duration of masticatory cycle activity, analysis function of time (2a) and 











Concluímos que cirurgia ortognática é um tratamento que ajuda a melhorar 
alguns sinais e sintomas das disfunções temporomandibulares. Não obstante, é de 
especial importância realizar uma boa avaliação aos pacientes que apresentem qualquer 
tipo de disfunção temporomandibular (DTM), sugere-se que antes de qualquer 
tratamento cirúrgico, seja avaliada e tratada esta condição. 
Pacientes com deformidade dentofacial, como prognatismo mandibular 
apresemtam um fator de risco para depressão e para a dor crônica, porém se sugerimos 
suporte psicológico pré e após intervenção cirúrgica. Neste estudo observamos que a 
depressão e a dor crônica diminuíram após cinco anos da cirurgia ortognática.  
Em relação à estrutura muscular de voluntários sem disfunção 
temporomandibular observamos que o tempo ativo, o instante máximo e a atividade 
eletromiográfica do ciclo mastigatório foram incrementados após a cirurgia ortognática, 
ou seja, o paciente apresentou os ciclos de sua mastigação mais simétricos. 
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ARTIGO I  
RESUMO EM ESPANHOL 
Evaluación de los disfunciones temporomandibulares, del dolor crónico y la 
depresión pre y post cinco años de cirugía ortognatica en pacientes con 
prognatismo mandibular. 
 
Objetivo: Evaluar durante cinco años las posibles mudanzas en las señales y síntomas 
de las disfunciones temporomandibulares (DTMs), así como también evaluar la 
presencia del dolor y de la depresión, en individuos con prognatismo mandibular 
sometidos a tratamiento ortodontico (O) y con cirugía ortognatica (COR).  
Metodologia: Fueron evaluados 20 pacientes con prognatismo mandibular con edades 
entre 18 y 36 años (23.3 ± 8.2) en los períodos: pré-operatórios (2 a 3 meses antes da 
cirurgia = T0 ) y pós-operatório (6 meses = T1,  12 meses = T2,  24 meses = T3  y 60 
meses =T4). Las señales y sintomas de las DTMs, así como también la presencia de 
dolor crônico y la depresion fueron evaluadas a través del RDC/TMD eje I y eje II 
respectivamente.  
Resultados: Se observó mudanzas significativas para las señales y síntomas de las 
DTMs, en ruidos articulares para T1 (p=0.0020) y T4 (p=0.0044), el dolor muscular 
también disminuyó significativamente en T2 (p=0.01), T3 (p=0.0022) y T4 (p=0.0433). 
En relación a la desviación en la apertura bucal se muestra una corrección significativa 
en  T1 (p=0.0002), T2 (p=0.0009), T3 (p=0.0004) y T4  (0.0004). La amplitud de la 
apertura bucal fue reducida solo en T1 (p=0.0001), pero no en T2, T3 y T4.  El dolor 
crónico fue reducido [T3 (p=0.013) y T4 (p=0.0045)] y la depreción [T4 (p=0.0139)].  
Hay asociación entre dolor crónico y DTM (p=0.0030) y entre dolor crónico y 
depresión (p=0.0230) esto observado pre tratamiento quirúrgico. No existe diferencia 
significativa en relación a la presencia ou ausencia de las DTMs pre y post tratamiento. 
Conclusão: La cirugía ayudo a mejorar la auto-percepción del dolor crónico, así como 
también, mejoraron los niveles de depresión en este tipo de pacientes post cinco años 
del tramiento con cirurgia ortognática.  
Palabras Claves: Disfunciones temporomandibulares; dolor crónico, depresión, cirugía 







ARTIGO II  
RESUMO EM PORTUGUES: 
Avaliação eletromiografica do ciclo mastigatorio pre e após cinco anos da cirurgia 
ortognatica, em pacientes com prognatismo mandibular. 
Objetivo foi avaliar as características eletromiográficas (EMG) do ciclo mastigatório pré 
e pós cinco anos de cirurgia ortognatica em voluntários com prognatismo mandibular, 
avaliando três variáveis: tempo ativo do ciclo mastigatório (ON), instante máximo da 
atividade (IMAX) e RMS (Root means square). Metodologia: foram avaliados 13 
voluntários prognatas do gênero masculino, nos períodos Pré-cirurgia 2-3 meses (T0); 
Pós-cirurgia 6 meses (T1), 12 meses (T2), 24 meses (T3) e 60 meses (T4).  Os músculos 
avaliados foram à parte anterior do temporal bilateralmente e a parte superficial dos 
masseteres bilateralmente.  Foi utilizado o Teste de normalidade de Shapiro-Wilk; e a 
análise de variância usando o teste de Tukey-Kramer, com nível de significância de 5% 
(p<0.05). Resultados: Após a cirurgia todos os músculos apresentaram um incremento 
do tempo (ON), sendo este significativo para todos os músculos pós 60 meses. Existe 
um aumento do IMAX expressado em porcentagem sendo este significativo para todos 
os músculos (p<0,05), após 12, 24 e 60 meses. O RMS aumenta após 24 e 60 meses 
para o músculo, masseter bilateralmente e para o temporal direito (p<0.05). Conclui-se 
que a cirurgia ortognática gera mudanças positivas no ciclo mastigatório após cinco 
anos do tratamento cirúrgico, em indivíduos com prognatismo mandibular sem 
disfunção temporomandibular (DTM). 
 
Palavras Chaves: Electromyogrfia; Ciclo mastigatório; Cirurgia ortognatica e 












































Média do sinal EMG, convertido em um único ciclo e normalizado na base do 
tempo, referente ao m. temporal direito. Pode-se visualizar o Período Ativo (ON) e 
















Todos os ciclos, CV= 40.3%
Recorte dos 05 ciclos mastigatórios mais centrais e homogêneos no período T0 
